I. INTRODUCTION
ynchrophasor measurement is increasingly becoming a standard tool of the electrical power systems engineer. Access to time synchronized measurements, especially phase angle, opens up a suite of new applications and is attracting interest amongst both the research and utility communities alike. It affords the means to improve understanding and modeling of power system phenomena, and can be directly applied in power system protection schemes. Vendors of various measurement devices are beginning to offer Synchrophasor measurement as a secondary function on their devices as a marketing incentive, indicating that the technology is now incredibly cost effective and will become increasingly ubiquitous.
The authors have interests in the application of Synchrophasors to anti-islanding protection [1] and to the phase control of islanded dispatchable generation, "Synchronous Islanding" [2] .
In developing these technologies, the authors found it necessary to develop their own Phasor Measurement Unit (PMU) to meet the performance they required. Difficulties encountered in the development of this system included the design of a GPS disciplined data acquisition device, and lack of a readily available tool set to communicate in the IEEE C37.118 Synchrophasor representation format. Another consideration encountered was the lack of a defined standard for the transient performance of PMU devices [3] .
The authors PMU device was developed from first principles and generally in accordance to the method proposed by Phadke in [4] . The authors have subsequently found that several other researchers have embarked, sometimes simultaneously, on developing their own PMUs, e.g. the "DTU PMU" [5] and "Grid Trak" [6] . The authors consider that each of these PMU systems is a great accomplishment, but that there is needless duplication of effort in these designs. Thus the authors propose that an open source platform on which to develop such technology would benefit the research community.
This paper explains the objective behind open sourcing the PMU design, the architecture and information exchange in the technology platform, describes the subsystems of the PMU, licensing models adopted, programming language and means by which to become involved in the project.
II. WHY OPEN SOURCE
The first question that many people ask when they hear of the OpenPMU project is, "Why open source?" Reasons that are given for open source software include giving total control of the software over to the end user, thereby empowering them to adapt and tailor it to their specific application. Other reasons include the opinion that many people scrutinizing the code leads to a more secure product as a result of errors being identified, fixed and returned to the community. Red Hat says, "Freedom means choice. Choice means power. That's why we believe open source is inevitable. It returns control to the customer. You can see the code, change it, learn from it. Bugs are found and fixed quickly. [7] "
The ideals of open source software are admirable, but many smaller or niche projects fall short of achieving those aims due to a lack of community involvement. 
B. Phase Estimation
The phase estimation subsystem might be considered the main component of the PMU software, since this is the subsystem that makes the conversion from raw sample data to a meaningful Synchrophasor. The Synchrophasor describes the amplitude, frequency and phase angle of the sampled waveform. IEEE C37.118 specifies the convention for the representation of Synchrophasors, as depicted in Fig. 3 .
The phase estimation algorithm might take one of many forms, for example Newton-type algorithm [12], WeightedLeast-Squares / Adaptive Finite Impulse Response (FIR) [13] or dynamic types that vary the measurement algorithm depending on input conditions [14] . The author's field of research is not expert in phase estimation algorithms so at present the OpenPMU software uses a simple FFT / Spectral Leakage type algorithm which acts upon 40 ms worth of samples windowed by a "Blackman-Harris" function.
It is hoped that experts in the phase estimation community will contribute more sophisticated algorithms to the project. 
1) Expression of Phase Estimation Data
The output waveform parameters from the phase estimation subsystem are to be pushed to the telecommunications subsystem regardless as to whether the telecoms subsystem is present. Similar to the measurement subsystem, UDP/IP transport carrying an XML payload is the delivery mechanism. The 'localhost' loopback address allows data to be exchanged between the two modules when they coexist on the same operating system.
At minimum, the phase estimation payload should contain the amplitude, frequency and phase angle for each waveform that is estimated, including the label identifying the source of the data via the measurement subsystem. The payload must be time coded as per the data from the measurement subsystem. When delivered to the telecommunications subsystem, sufficient data must be present so as to complete an IEEE C37.118 Synchrophasor frame.
C. Telecommunications
The telecommunications subsystem receives data from the phase estimation stage and produces data that meets the IEEE C37.118 specification for the format of Synchrophasor data. It is essential that the Synchrophasor be standards compliant so as the OpenPMU can interface with data concentrators, such as openPDC [15] .
The IEEE standard defines more than the format of the Synchrophasor. It also includes configuration instructions for the PMU device, and the function to start and stop the PMU data stream. This must also be implemented.
Additionally, a web interface should be provided that yields information on the condition of the OpenPMU system and allows configuration of the various modules. Thus a method of configuration data exchange needs to exist between the various components. The authors have yet to establish an exact mechanism, but propose the further use of XML with standardized UDP listening ports on each module to receive configuration instructions. For instance, the measurement subsystem may have options to set the sampling rate, change the resolution, label the channels or give the device a unique ID in a multi measurement device setup.
IV. LICENSING

A. Software Licensing
The OpenPMU technology platform, that is to say the interfaces and framework that comprise the three separate subsystems, is currently licensed under the BSD license [16] . Individual modules may be licensed under GPLv3 [17] at their individual contributor's discretion. The present collaborators are currently discussing moving the entire package over to the GPLv3 license in order to simplify licensing the various components.
Advantages of GPLv3 include that modifications to the software must be returned to the community, so the original contributor will benefit. Disadvantages include potentially limiting contributions from those who would prefer to be able to make modifications privately without supplying updates to the community. The authors welcome input in this decision making process.
B. Hardware Licensing
In the event that collaborators develop an OpenPMU hardware measurement system, it will be necessary to have a means of protecting and open sourcing this contribution. The problem arises that open hardware licenses protect the design documentation and instructions, but not the actual hardware itself. Hardware rights are traditionally protected by patents, and as yet the open source community has not found an effective way of replacing patents [18] .
[18] even goes as far as to say there are "no good open hardware licenses to date". Of the Open Hardware licenses available, the most complete would seem to be the TAPR Open Hardware License (OHL) [19] . This offers protection on the design rights, allowing products to be made from the designs so long as the designs are distributed with the product. This would seem to fit with the philosophy of the OpenPMU project.
Fortunately the firmware running a measurement subsystem can be considered software and may be protected and licensed under any of the OSS licenses available. 
